During recent years a number of investigations have been concerned with the measurement of the resting membrane potential in human skeletal muscle fibres (Johns, 1960; Elmqvist, Johns, and Thesleff, 1960; Norris, 1962; Creutzfeldt, Abbott, Fowler, and Pearson, 1963; Bolte, Riecker, and Rohl, 1963; Goodgold and Eberstein, 1966; Hofmann, Alston, and Rowe, 1966; Ludin, 1967; Brooks and Hongdalarom, 1968 ).
The present paper has two aims. Firstly, it assesses the merits and disadvantages of the various types of intracellular recording technique which have been employed. Secondly, it presents the results of a new study in which intracellular stimulation enabled additional information about the electrical properties of the muscle fibre membrane to be obtained.
The present results have been compared with those from earlier studies in the mouse made in this laboratory (McComas and Mossawy, 1965, 1966) and they have also served as control values for the investigation of certain human myopathies (McComas, Mrozek, and Bradley, 1968; McComas and Mro±ek, 1968) .
METHODS
SUBJECTS Three subjects volunteered to participate in the study; they were healthy young women who were undergoing a series of tests, including musclebiopsy,toestablish whether or not they were carriers of the gene for Duchenne dystrophy (Walton and Pennington, 1966; GardnerMedwin, 1968) . Subject E.E. (age 22) was the daughter of a definite carrier. Her serum creatine kinase level of 18 i.u./1. was within normal limits (0-66-5 i.u./l.). A biopsy of the left biceps brachii disclosed no myopathic features. During electromyographic examination of the right biceps brachii muscle some polyphasic, and some short duration, motor unit potentials were detected but these constituted a mild and questionable abnormality. The serum creatine kinase level of an identical twin sister was 36 i.u./1. The probability of her being a carrier was assessed as approximately 1: 6. ' Subject A.L. (age 17) was the daughter of a definite carrier. Her serum creatine kinase titre was normal (15 i.u./l.) and both histological and electromyographic examination of the biceps brachii muscles failed to reveal any definite abnormality. The probability of her being a carrier was therefore approximately 1: 6. Subject A.B. (age 26) was the daughter of a definite carrier. She had a markedly elevated serum creatine kinase level (1,466 i.u./l.) . A biopsy of the left quadriceps revealed evidence of myopathy; electromyography of the opposite quadriceps and of the right biceps muscles disclosed substantial proportions of motor unit potentials which were either polyphasic or of abnormally short duration. She was regarded as a proven carrier. SELECTION OF MUSCLES The micro-electrode investigations were performed in vivo on the muscle which had been surgically exposed for biopsy. In one of the subjects (A.B.) the left rectus femoris muscle was selected for biopsy since the contralateral quadriceps had exhibited definite electromyographic abnormalities. The left biceps brachii was investigated in the two normal subjects E.E. and A.L. The micro-electrode recording session lasted 30-40 minutes and the biopsy was taken immediately afterwards. All three incisions healed satisfactorily by first intention. ANAESTHESIA The patients were given pre-operative medication with pethidine, 25 mg, and phenergan, 25 mg; general anaesthesia was achieved with nitrous oxide and halothane. No muscle relaxant drugs were given.
PREPARATION OF MUSCLES Rectusfemoris The skin was sterilized and a curved Perspex plate with raised edges (Fig. 1) was then clamped down on to the surface of the thigh; a centrally-situated aperture intheplatesurrounded the site on the skin intended for incision. This plate had three functions: it reduced the troublesome respiratory movement transmitted from the abdomen, it improved the general stability of the thigh, and it formed a fluid trap (see below).
A thin sterile plastic sheet (Vi-drape, Aeroplast Ltd) was then glued over both the plate and the central area of skin. An incision 2-3 in. long was made through the skin and subcutaneous tissue in the midline of the thigh. The thick connective tissue sheath investing the muscle was gently picked up with forceps, incised and retracted. The exposed surface of the muscle was covered with a pool of 434 (Liley, 1956) (Beranek, 1964; McComas and Mossawy, 1966) (Fatt and Katz, 1951) . b. The input resistance (Rin): measured as the amplitude of the depolarization plateau divided by the total current flowing through the membrane. c. The critical membrane potential: that is, the threshold potential for the initiation of action potentials. d. The critical membrane depolarization: that is, thechange in potential required to bring the membrane from its resting to its critical condition. e. The amplitude of the action potentials.
The necessary measurements were made from negatives on 35 mm film which were projected on to squared paper. Some of the resting potentials were also made in this way; others were obtained at the time of the experiment using 'backing-off' voltages from a calibrator. The time available for stimulation was limited due to irreducible mechanical instability in the recording system. For this reason the stimuli were delivered at 100 msec intervals from a sequence of five stimulators which had their outputs set to different levels. To avoid troublesome changes in tip potential (Nastuk and Hodgkin, 1950; Del Castillo and Katz, 1955; Adrian, 1956) and also to restrict the number of damaged fibres within the biopsy specimen, only the four most superficial fibres were investigated in each track.
Presentation ofresults The standard error of the mean has been used throughout the text to indicate variability within a population of observations. c-RESTING POTENTIAL The mean resting membrane potentials found in each of the three subjects are given in Table I while It is evident from Table I that the differences in mean potential between the subjects were small and statistically they were not significant. Although only three muscles were investigated, the number of fibres sampled was sufficiently large to suggest that, in terms of resting potential and of the other membrane characteristics, the biceps and rectus femoris muscles were functionally similar.
From Table II it can be seen that the present results fall within the range of means reported for normal human muscle by other authors. It is, however, apparent that this range of values is large, presumably as a result of differences in experimental or interpretive technique (see Discussion).
ACTION POTENTIAL For 37 normal fibres (mean resting potential 85-1 mV) the sizes of the critical depolarizations required to bring the membrane potentials from the resting to the firing levels were measured; these results are given in Fig. 3A and an example of intracellular stimulation is shown in Figure 3C . The corresponding firing levels, or critical membrane potentials, of these fibres were equal to the differences between the resting membrane potentials and the critical membrane depolarizations; their mean value was 73-3 ± 1*5 mV.
In 30 of the fibres stimulated it was possible to measure the amplitudes of the action potentials; the mean value was 104'1 mV. It can be seen from Fig.  3B Figure  4A . One further membrane constant, the input resistance, was measured in this study; it had a mean value of 2-7 ± 0-2 x 105 Q (19 fibres, see Fig. 4B ).
The results of the various types of investigation are summarized in Table III which also includes, for enables a number of fundamental electrical properties of the membrane to be determined: these include the membrane time constant, the input resistance and the critical membrane depolarization. It is quite probable that in several disease states it will eventually be shown that these properties are abnormal. Indeed there is already evidence available to suggest that in one of these conditions, adynamia episodica, the changes in the electrical properties of the membrane are responsible for the evolution of the paralytic attacks (McComas et al., 1968) .
The main problem of technique concerns the best way of introducing the micro-electrode into the muscle. Since the method adopted has a significant influence on the results, it is necessaryr to consider briefly each of the three techniques available at present. In the first method the muscle is excised and 120 studied in vitro. The advantages are that the effects of (Thesleff, 1962) and myotonic discharges (Hofmann et al. 1966) tend to disappear in vitro; furthermore, the resting membrane potential will be abnormally low unless the bathing medium contains protein (Kernan, 1963; McComas and Mossawy, 1965) .
The second technique involves driving the microelectrode through a cannula which can be inserted into the muscle percutaneously. This technique has the great advantage of convenience. The most serious disadvantage is that the first few fibres encountered by the electrode will almost certainly have been damaged by the cannula. Although the results from these fibres can be excluded (Table 2) , the values from deeper fibres are unreliable because changes of tip potential may take place (Nastuk and Hodgkin, 1950; Del Castillo and Katz, 1955) .
The third method is an 'open' one and has been employed in the present study; micro-electrodes are inserted into the superficial fibres of muscles which have been exposed at operation. Provided the dissection has been carefully carried out, even the most superficial fibres should be in good condition and there is no need to reject results. On the other hand the procedure is inconvenient for the subject, though it may be considered justifiable in patientswhorequire a muscle biopsy.
In the present study we (Ludin, 1967) and in hereditary mouse dystrophy (Kleeman, Partridge, and Glaser, 1961; Lenman, 1963; McComas and Mossawy, 1965 Elmqvist et al. (1964) and Hofmann et al. (1966) . So far as the critical membrane depolarization is concerned, the values obtained by Elmqvist et al. (1964) (7-20 mV) were of the same order as those found in the present investigation. In contrast to this, it would appear from the work of Hofmann et al. (1966) (cf. Fig. 4C 
